ABSTRACT. The importance of the sea ice retreat in the polar regions for the global warming and the role of ice-albedo feedback was recognized by various authors [1, 2] . Similar to a recent study of the phenomenon in the Arctic [3] we present a semi-quantitative estimate of the mechanism for the Southern Hemisphere (SH). Using a simple model, we estimate the contribution of ice-albedo feedback to the mean temperature increase in the SH to be 0.5 ± 0.1 K in the years 1955 to 2015, while from the simultaneous growth of the greenhouse gases (GHG) we derive a direct warming of only 0.2 ± 0.05 K in the same period. These numbers are in nice accordance with the reported mean temperature rise of 0.75 ± 0.1 K of the SH in 2015 since 1955 (and relative to 1880). Our data also confirm previously noticed correlations between the annual fluctuations of solar intensity and El Nino observations on the one hand and the annual variability of the SH surface temperature on the other hand. Our calculations indicate a slowing down of the temperature increase during the past few years that is likely to persist. Assuming a continuation of the present trends for the southern sea ice and GHG concentration we predict the further temperature rise to decrease by 33 % in 2015 to 2025 as compared to the previous decade.
magnitude as the emissions of greenhouse gases [16] . The present paper suggests an even larger effect and underlines the important role of sea ice for the terrestrial climate.
In this paper the reported ice changes in the Antarctica are taken as empirical facts and used to compute the corresponding temperature variation. A historical record exists on the sea ice extent prior to the satellite period so that the data for the sea ice area may be extended using proxies and data assimilation. Since 1979 the ice areas are known from satellite observations including the phase shift of annual melting and freezing relative to the seasonal solar input [10] . The data used in the present study are depicted in Fig. 1 (black circles) supplemented by linear fits (straight solid lines) [17, 18] . The figure shows that in 1979 to 2015 the ice maxima increase from 15. [18] . For earlier years only data on the sea ice extent are available (see Fig. 1 ) [19, 20] . Assuming that the ratio between ice area and ice extent is Taking into account the smaller backscattering of sea water compared to snow-covered ice for incident sun light (decrease by a factor of 0.5) and averaging over the daily and seasonal variations of the solar input, the net input of solar radiation in the Antarctic is estimated to grow by The extent data are used to estimate the sea ice area in 1955 -1979 assuming that the ratio of sea ice area to sea ice extent is constant in 1955 to 1979; data taken from Ref. [17] [18] [19] [20] ; see text.
We have developed a simple 1-dimensional model for the causal effect of albedo changes for the mean SH surface temperature including also the effect of greenhouse gases (GHG). The same model was previously used [3] and is based on the spectroscopic properties of the GHG and several empirical facts, e.g. solar input and albedo factor. In a simplified picture, the atmosphere is represented by four layers with mean temperatures Tj (j = 1 -4). The approach is an extension of the well-known 2-layer model for the greenhouse effect [21] [22] [23] . The surface is represented as a black radiator with intensity • 4 -(Stefan-Boltzmann constant σ) while the atmospheric parts are treated as selective thermal emitters according to the spectral properties. The temperatures Tsurf, Tj are self-consistently determined from thermal quasi-equilibrium between the solar input and the thermal emissions of the surface and atmospheric layers without a fitting parameter. For details see Appendix 2.
We consider the 1-dimensional treatment quite satisfactory in the sense of a Taylor expansion of the (unknown) function Tsurf depending on a variety of local and geographical quantities and the concentrations of greenhouse gases. Second and higher order terms of that expansion are neglected. Thus retaining only the first order terms, the problem is linearized and averaging over the manifold of geographical parameters and GHG properties can be interchanged leading to a 1-D treatment. GHG concentrations are taken from Refs. [24] and [25] .
RESULTS AND DISCUSSION:
Because of the lack of sufficiently precise measurements of the global albedo factor the albedo changes have to be estimated from the variations of the sea ice area (see Appendix 1).
The resulting surface temperature change ∆Tsurf as predicted by our model is plotted in Fig. 2 (theoretical curves) together with the reported time evolution of the mean surface temperature The computed results for the temperature rise by the greenhouse gases (including water) as derived from our model for constant albedo (i.e. constant sea ice area) are shown in Fig. 2 by the green curve. The spectral forcing via the changing spectral properties of the GHG with concentration is considered; for details see [23] . It is felt that a time constant of about 30 years is reasonable for the equilibration by heat transfer between the pole area and the hemisphere, e.g. because of the slow response of ocean currents [28] . We mention that the warming of the SH is reported to be smaller than that for the northern hemisphere during the past three decades [25] . Our simulation nicely reproduces the difference of The finding is shown in more detail in Fig. 3 . The difference between the blue experimental points (3-year averages) and the blue computed curve in the inset of Fig. 2 is plotted (open blue circles).
We The straight dotted blue line in Fig. 3a refers to the blue curve in the inset of Fig. 2 . It is interesting to see several clear maxima and minima (around +0.1 K and -0.05 K, respectively) [31, 32] .
Various authors pointed towards a correlation between sun spot activity and surface temperature [30] . In fact, a variation of the input solar intensity generates corresponding changes of ∆Tsurf in our theoretical model. The results are plotted in the For comparison El Nino data [33] are also included in Fig. 3 . It was reported that the striking peak of the observed surface temperature around 1942 is accompanied by an El Nino maximum [34] .
driving strong pacific teleconnections. In Fig. 3c , three-year averages of the annual Oceanic Nino Changes of the global albedo of opposite signs (±0.02) were reported in the years 1985 -1997 and 1997-2004 [36,37] , or that the global albedo remained fairly constant during the past decades [38] .
We propose that the pronounced rise of the reported surface temperature in = O=] . The heat transport between the layers by non-radiative processes is included by parameters Bj but is found to have little quantitative effect on the surface warming, since Aatm is adjusted correspondingly to maintain Tsurf = 288.0 K for year 1880 [22] . We arrive at five equations for j = 0 -4:
For a ready display of equations (2) atmosphere. This number is somewhat smaller than reported by Wang et al. [40] .
The GHG concentrations are taken from Refs. [24] and [25] . In 1880 we have xCO2 = 290.4 ppmv, xCH4 = 1.6 ppmv and xN2O = 0.3 ppmv. Assuming equal absorption of the four atmospheric parts for CO2, the thickness of the layers is estimated from a barometric formula to be 1.4, 1.9, and 2.8 km (layer 1 to 3, respectively), while the top layer (4) extends above 6.1 km into the universe.
The numerical solution of equations shown above delivers the mean temperatures of respectively 285.2 K, 278.1 K, 268.3 K and 240.1 K, for layers 1 to 4. We have shown recently that the specific parameter values of Aj and Bj vary the layer temperatures of the atmosphere to some extent, but have little influence on the concentration dependence of the surface temperature [22] .
Considering an analogous model with only three atmospheric layers we arrive at similar values for the surface temperature. We have also treated a 2D-approach by including the variation of the surface input with geographical latitude, obtaining similar results with changes of only a few percent (data not shown). It is concluded that our 1-dimensional 5-layer-model provides reliable data on the warming of the terrestrial surface.
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